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Analytical data 
Echium oil is extracted from the seeds of Echium plantagineum by crushing. The crude oil obtained from the 
crushing operation is refined using a process optimized to achieve high purity natural oils by removing polar 
impurities without altering the chemical composition. 

Fatty acid Profiles: 
Fatty acid profiles for unrefined and refined Echium oil are presented in Appendix-l, Tables 1 8 2. 
Echium oil is mainly composed of a-linolenic (30 - 33%) linoleic (14 - 18%), y-linolenic (10 - 13%), stearidonic 
(13 - 15%) oleic (14 - 17%), and palmitic (6 - 7%) acids. We have presented the data on fatty acids that 
constitute 0.05% or more of the total fatty acids in the oil. 

The methods for the lipid analysis are given in Appendix 2. The results of analysis in Appendix 1 clearly 
demonstrate the fact that the refining process does not significantly alter the fatty acid profile of the oil. Minor 
variations in the lipid composition of different batches of oil are due to the effect of seasonal changes in 
temperature, light intensity, etc. The lipid profile of both the unrefined and refined oil remains within the specified 
ranges. The lipid profiles presented in Appendix 1 cover the period between 1999 and 2003, confirming that the 
information represents the characteristics of the oil of the species. 

Erucic acid is present at less than 0.5% in the oil. In the analysis presented in Appendix 1, the levels of erucic 
acid are between 0.1 to 0.3% of total fatty acids. 

The fatty acids in Echium oil are mainly present as triglycerides with traces of di- and monoglycerides. Analysis of 
one large scale production batch (lot number 010803-N) confirmed levels of triglyceride as 97.9%, diglycerides as 
2.1% and monoglycerides as less than 0.005%. 

Non-Fatty acid components: 
Unsaponifiable Matter: 
Like other vegetable oils, Echium oil contains small amounts of unsaponifiable matter. Unsaponifiable 
matter is composed of hydrocarbons, sterols and other non-fatty acid compounds. The amount of 
unsaponifiable matter is less than 2.0% in Echium oil while other vegetable oils may contain 
unsaponifibale matter from a low of 0.2% in refined canola oil to up to 5% in rice bran oil (3). 
Unsaponifiable matter in the production batch number 010803-N was 0.91%. A copy of the analytical 
report from the contract lab is appended in Appendix 3 while the analytical procedure used to isolate the 
unsaponifiable fraction is included in Appendix 4a. 

Capillary Gas Chromatography (GC) analysis was carried out on the isolated unsaponifiables from batch 
010803-N. Of total unsaponifiable matter, campesterol was 15.71%, beta-sitosterol was 12.53%, 
stigmasterol was 0.55%, and others were 33.52%, accounting for 62.31%. Tocopherols constituted 
8.37%. of total unsaponifiable matter, and consisted of alpha- (0.53%), gamma- (6.92%) and delta- 
(0.92%) tocopherols. Other material constituted 29.32% of total unsaponifiable matter. No attempt was 
made to identify these compounds. These unidentified compounds may be heavy molecular weight 
components that do not pass through the GC column. Similar levels for recovery of unsaponifiable 
compounds are experienced with oils such as sesame, soya and oilseed rape. The method for analysis 
of sterols and tocopherols is attached in Appendix 4b. 

Analysis for potential contaminants: 
Heavy Metals: 
Total heavy metal content for different batches was less than IOppm. The level of Iron was 0.45 ppm in 
unrefined oil (batch number EO 010803-CF) and 0.14 ppm in refined oil (batch number EO 010803-N). 
The level of Copper was less than 0.05 ppm for both batches. A copy of the contract laboratory certificate 
of analysis for each batch is included in Appendix 5. 

Pyrrolizidine Alkaloids: 
Members of Boriginaceae family are known to contain pyrrolizidine alkaloids in seeds and leaves. 
Echium plantagineum [4, 51 also contains these alkaloids. Unsaturated pyrrolizidine alkaloids are of 
concern because of their hepato-toxic effects [6]. In addition, they may damage the lung, kidney and other 
organs and they also possess mutagenic, teratogenic and carcinogenic properties [6]. Chronic liver 
disease was observed at dietary levels of 2ppm with the pyrrolizidine alkaloid monocrotaline [6]. A no 
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effect level of 1 ppm in the diet has been hypothesized for monogastric animals such as pigs, poultry and 
rats [S]. 

Analysis of several plant samples of Echium plantagineum from New South Wales revealed a total 
alkaloid content of about 0.3% [S]. The maximum level of total alkaloid measured was 0.9% [6]. 

Pyrrolizidine alkaloids are not lipophilic therefore they would not be expected to be present in the oil. This 
was confirmed in an analysis of the alkaloid content of the Echium plantagineum meal, the crude seed oil 
and the refined oil (Echium oil). The pyrrolizidine alkaloids were extracted in 0.5 M sulfuric acid and 
converted to the free base by reduction with zinc powder. The basified solution underwent solid-liquid 
extraction before being analyzed using HPTLC method with a detection limit of 4 pg/kg oil. The Echium 
plantagineum meal contained 120 pg total alkaloids. Crude seed oil contained 8 ppb (pg/kg) of these 
alkaloids per kg of oil while the refined oil contain 4 ppb (pg/kg) of oil. The detection limit for this method 
was 4 pglkg. 

A copy of the test results as supplied by the contract testing laboratory is included in Appendix 6. 

Allergens: 
Pollens of Echium plantagineum can induce allergic reaction in hypersensitive individuals. Cytochrome C 
allergens have been isolated from the pollen of Echium plantagineum [7]. In a rural area of Australia 60% 
of subjects with respiratory allergy were found to give positive skin test reactions to Echium plantagineum 
pollen extract and a similar number gave positive radioallergosorbent (RAST) tests [8]. In a case of 
allergic rhinitis to Echium plantagineum symptoms developed on exposure to both the flowering and dried 
plants [9]. Challenge tests with pollen and particulate plant debris including plant hairs also produced 
symptoms [9]. 

The refining process used in the production of Echium oil will filter out any pollen or particulate plant 
debris in the oil. Cytochrome C allergens isolated from the pollen of Echium plantagineum were 
characterized as proteins with a molecular weight of 12,800 [7]. It was assumed that all the protein 
present in the oil will be allergen. To test for the absence of allergens, we tested the protein content of the 
oil using the AOCS method (see Appendix 7) at a contract laboratory and also using bovine serum 
albumin as the standard in our in-house laboratory. The contract laboratory reported an absence of 
protein in the oil sample. In-house method also failed to detect any protein in the oil sample. 

To confirm the absence of Cytochrome C allergens in the refined oil a total protein test has been 
performed using Bradford Reagent. The absorbance at 595 nm of the colored product of the reaction of 
protein and Bradford Reagent was measured. 

Herbicide and Pesticides: 
Herbicides and pesticides are the most common agrochemical products that are used in cultivation of 
crops. These products could potentially be used at two stages within the production cycle of Echium, pre- 
drilling for weed control or as a pre-harvest desiccant. 

Weed control strategies for Echium are fundamentally based on drilling into what is termed a stale 
seedbed. In this technique, as many weed seeds are stimulated to germinate and grow as possible and 
are subsequently controlled, thereby leaving a minimal weed seed burden to cause problems in the 
following Echium crop. The control of germinated weeds can either be by cultivation methods or by the 
use of herbicides. Due to there being no crop present when applied, these herbicides can be non- 
selective and either systemic or contact in action. Products used are commonly based around actives 
such as Glyphosate, and Glufosinate-Ammonium. As these are broken down on contact with the soil, 
residues are not a problem for the following Echium crop which is not drilled at the time of application. 

The Echium crop needs to be desiccated prior to combining not only to remove moisture from the crop but 
also to promote evenness of seed maturity. Mechanical swathing has been shown to be by far the best 
method of enhancing maturity and harvest for Echium to the extent that it is the only practice that is being 
utilized by contract growers for Bioriginal. 
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Chemical desiccation is achieved in several other crops using either contact or systemic broad spectrum 
herbicides to finally ‘kill off the maturing plant. These products are based on two active ingredients, 
Glyphosate, Glufosinate-Ammonium. All of these products are readily and quickly broken down on contact 
with the soil and hence will not cause any future residue problems with following crops. Residue levels in 
the oils from treated crops can be considered a negligible risk for two reasons. Firstly these herbicides are 
not soluble in oil and secondly oil extraction and refining techniques used will breakdown or remove 
possible residues. Bioriginal does not recommend the use of any herbicide on Echium crops. 

To make sure that the oil is free from herbicides and pesticides contamination, we tested several lots of 
oils. The results are presented in Appendix 8. The oil was found to contain less than detection limits of 
these herbicide/pesticides. 

Based on the analysis of several batches of Echium seed oil, the complete specifications have been developed 
and are included in Appendix 9. These specifications are based on major fatty acids. 

A peroxide value of 5 maximum is included on the product specification. The peroxide value for batches analyzed 
varies from 0.00 to 4.82. Peroxide value is an indicator of primary oxidation products in the oils containing 
unsaturated fatty acids. As the Echium oil is rich in unsaturated fatty acids, it is prone to oxidation. Peroxide 
values will indicate the level of oxidation/rancidity of the oil. 

Anticipated use 
Echium oil is a rich source of omega-6 and omega-3 polyunsaturated fatty acids. It contains stearidonic acid and 
y-linolenic acid in addition to linoleic acid and a-linolenic acids. Gamma linolenic acid and stearidonic acids are 
produced in the human body from the desaturation of linoleic and alpha-linolenic acid respectively, by a rate 
limiting reaction catalyzed by enzyme delta6desaturase. Due to these fatty acids, it will be used as a dietary 
supplement of omega-3 and omega-6 fatty acids. The dietary supplement of Echium oil could be offered as soft 
gelatin capsules, bottles oils and/or oral emulsions. They may or may not contain antioxidants like vitamin E [I 01. 

Oils rich in omega-6 fatty acids currently available on the market include soybean oil, safflower oil, blackcurrant 
seed oil, borage oil, and evening primrose oil. Soybean and sunflower oils are commonly used as cooking oils 
while borage, black currant and evening primrose oils are used as dietary supplements due to their content of 
gamma linolenic acid. Oils rich in omega-3 fatty acids currently available on the market include flax oil, perilla oil, 
herring oil, mackerel oil, menhaden oil, sardine oil and tuna oil. Omega-3 rich oils have been incorporated into 
breakfast cereals, milk, margarine, spreads, bread, cheese, yogurt, cocoa, soft drinks, tea, confectionery, cookies 
and infant foods [I l-l 31. Omega-3 enriched products are currently marketed in Japan, Korea, Taiwan and Europe 
including the United Kingdom and Scandinavia. docosahexaenoic acid (DHA) enriched eggs are being marketed 
in the USA and Canada. These are produced by enriching the diets of hens with either flaxseed or a DHA- 
enriched product [I I, 121. 

An analysis of seventeen brands of encapsulated fish oil products purchased in the USA, UK and Canada during 
1984-l 988 identified eicosapentaenoic acid levels of between 80 - 302 mg/gram and docosahexaenoic acid 
levels of between 78 - 254 mg/gram [14]. 

A similar analysis of encapsulated evening primrose oil products identified gamma linolenic acid levels of between 
1.9 - 10.5 expressed as percentage weight of total fatty acids and linoleic acid levels of between 60.1 - 75.8 [I 51. 

Several brands of omega-3/omega-6 fatty acid blends are currently marketed in the USA. These include The 
Total EFATM (capsules and oil), Essential MaxTM (capsules and bottled oil blend), Essential oils TM (capsules) and 
Omega 3,6,gTM (capsules). An omega-3 / omega-6 fatty acid blend which is currently marketed jTotal EFATM] in 
the form of capsules provides 400 mg of a-linolenic acid, 160 mg of y-linolenic acid, 144 mg of eicosapentaenoic 
acid and 90 mg docosahexaenoic acid per serving of 2 capsules. The omega-3 / omega-6 fatty acid blend is 
provided by combining borage oil, flax oil and a marine fish oil. Essential Max TM liquid provides 3 g alpha linolenic 
acid, 6 g linoleic acid and 1.8 mg gamma-linolenic acid per tablespoonful. The recommended dose is one and a 
half tablespoonful per 100 Ibs body weight which translates to 6.75 g alpha-linolenic acid, 13.5 g of linoleic acid 
and 4.05 mg of gamma linolenic acid per day for an adult of average body weight of 150 Ibs. Omega TwinTM 
liquid is a blend of flax oil and borage oil that provides 510 to 1020 mg gamma linolenic acid, 2.35 to 4.70 g 
linoleic acid and 5.20 to 10.40 gram alpha linolenic acid per day. 
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In comparison 1000 mg capsules based solely on Echium oil would provide 115 mg of y-linolenic acid, 325 mg a- 
linolenic acid and 145 mg of stearidonic acid. 

We do not intend to sell Echium oil direct to consumers. Echium oil will be sold to dietary supplement 
manufacturers throughout the USA as an alternative to existing oils and fats rich in omega-6 or omega-3 
polyunsaturated fatty acids. We consider that the main application for Echium oil will be as a dietary supplement 
of essential fatty acids for adults and children above 12 years of age. This will be in capsule form or a blend with 
other nutritional oils with a likely level of consumption of either 500 mg to 2000 mg per day. Echium oil will be 
marketed as possessing the benefits of both omega-3 and omega-6 essential fatty acids. 

Nutritional data 
Total fat intake: 
Dietary fat is essential for health and the FAONVHO expert consultation on fats and oils in human nutrition have 
recommended that fat should constitute between 15% - 35% of energy intake [16]. Adequate dietary fat intakes 
are considered particularly important prior to and during pregnancy and lactation [16]. The FAONVHO joint expert 
consultation recommended that women of reproductive age should consume at least 20% of their energy from fat 
[16]. A calorific fat intake of approximately 20% is normally used clinically in hospitalized patients who are infected 
or at risk of becoming so [17]. The American Heart Association recommends that total fat intake should be no 
more than 30% of total calorific intake. 

The American Heart Association recommends saturated fat intake to be between 7 - 10% of total calories, a 
monounsaturated fat intake of up to 15% of total calories and polyunsaturated fat intake of up to 10% of total 
calories. The American Heart Association also recommends cholesterol intake should be less than 300 mg per 
day. 

Americans are estimated to consume fats and oils at a level of 34 to 37% or more of their daily calories [I 81. The 
average number of calories consumed per person per day is 2500 [I 81. Since 1 gram of fat produces 9 calories, 
this amounts to 110 g of fat per person per day [18]. Levels of fat consumption reported for developed countries 
include: Denmark 160 g per day, New Zealand 155 g per day, United Kingdom 142 g per day and Canada 142 g 
per day [18]. The 1979 figures for the United States estimated fat consumption to be around 168 g per day of 
which 34% was saturated, 40% monounsaturated and 15% polyunsaturated [18]. 

Echium oil contains on average 11 .I % of saturated fatty acids. This compares to levels of saturated fatty acids in 
omega-6 rich vegetable oils of 8.3% blackcurrant seed oil, 13.6% borage oil, 9% evening primrose oil, 16% 
soybean oil and 10.1% safflower oil [19]. The level of saturated fatty acids in herring oil is 26.1% and in mackerel 
is 27.5% [19]. 

Omesa-6 fattv acids: 
About 1% of daily calories (an average of 3 g) linoleic acid is enough to relieve the symptoms of deficiency of this 
essential fatty acid and therefore represents a minimum daily requirement [18]. The optimum dose of linoleic acid 
is considered to be between 3-6% (9-18 g on average) [18]. The FAOMlHO expert consultation on fats and oils in 
human nutrition have recommended that linoleic acid should provide between 410% of energy [16]. Recently, the 
Institute of Medicine, in its recent report, recommended an adequate daily intake of 17 g of linoleic acid for adult 
men and 12 g for adult women [20]. 

Echium oil contains on average 15.4% of linoleic acid and 11.5% of its metabolite gamma linolenic acid. Omega-6 
rich vegetable oils such as blackcurrant seed oil, borage oil, evening primrose oil, soybean oil and safflower oil all 
provide significantly higher levels of linoleic acid. Gamma linolenic acid levels vary greatly from 0% for safflower 
oil to 10% for evening primrose oil and 20.68% for borage oil [19]. 

Omeqa-3 fattv acids: 
The daily requirement and optimum dose of alpha linolenic acid is not known [18]. The Institute of Medicine, in its 
recent report recommended an adequate daily intake of 1.6 g of a-linolenic acid for men and 1 .I g for women 
[20]. A level of 0.54% of daily calories was required to reverse symptoms of alpha linolenic acid deficiency in a 6 
year old girl [18]. An optimum dose is hypothesized for alpha-linolenic acid of 6 g per day [18]. It is estimated that 
95% of affluent people would benefit from dietary supplementation with omega-3 fatty acids [I 81. 
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The average western diet contains lower quantities of omega-3 than omega-6 The dietary intake of total omega-3 
fatty acids in the United Kingdom was estimated to be 250 mg per capita in 1992 [I 31. Data from 1985 on the US 
national food supply indicates a level of 50 mg per capita per day of eicosapentaenoic acid and 80 mg per capita 
per day for docosahexaenoic acid [lo]. 

Echium oil contains on average 30.7% of alpha-linolenic acid and 12.8% of its metabolite stearidonic acid. In 
comparison the total omega-3 fatty acid content of fish oils is 7.46% herring and 19.83% mackerel [19]. Although 
vegetable oils on the market such as corn and sunflower oil contain high levels of omega-6 fatty acids they 
usually have very low levels of omega-3 fatty acids [21]. Blackcurrant seed oil is an exception in that it contains 
11.4% of alpha-linolenic acid and 3.02% of stearidonic acid. 

Omeaa-6:omena3 ratio: 
The delta -6- desaturase step is considered to be rate limiting and the incorporation of high levels of linoleic or 
alpha-linolenic acid does not seem to raise the levels of their corresponding metabolites [21]. However, 
administration of the metabolites of linoleic and alpha linolenic acid usually raises the levels of that metabolite and 
its elongation products in human plasma [21]. 

Dietary supplementation with oils rich in linoleic acid, such as safflower oil, did not increase omega-6 fatty acid 
content of human milk [21]. Whereas oils rich in gamma linolenic acid such as evening primrose oil and black 
currant seed oil increased the levels of dihomo gamma linolenic acid in human milk two fold [21]. 

The occurrence of eicosapentaenoic acid in the liver and plasma was two fold higher for rats whose diet was 
supplemented with the ethyl ester of stearidonic acid than with the ethyl ester of alpha-linolenic acid [22]. 

In a comparison of various combinations of omega-3 and omega-6 methyl ester mixtures it was demonstrated that 
gamma linolenic acid and its metabolites were incorporated more favorably into liver phospholipids than 
stearidonic acid and its metabolites [23]. Switching the omega-6 content from linoleic to gamma-linolenic 
increased the omegaS:omega-3 ratio two fold [23], whereas switching the omega-3 content from alpha linolenic 
to stearidonic acid decreased the omega-6:omega3 ratio by 30% [23]. 

The enzymes that convert omega-6 and omega-3 fatty acids are slower by a factor of four in the case of omega-3 
fatty acids [18]. However, detailed kinetic analysis of prostaglandin biosynthesis from omega-6 and omega-3 fatty 
acids indicated a four fold difference in favour of omega-6 [24]. 

A ratio of linoleic to alpha-linolenic acid of between 51 and IO:1 is recommended in the diet [16]. The FAOiWHO 
expert consultation on fats and oils in human nutrition have recommended that linoleic acid should provide 
between 4-l 0% of energy [16]. Therefore alpha-linolenic acid should provide between 0.4%-2% of energy 
depending on the amount of linoleic acid in the diet. The Institute of Medicine recommends intake of linoleic acid 
at 5 - 10% of total energy while that for a-linolenic acid at 0.6 to 1.2% [20] 

The average western diet contains lower quantities of omega-3 than omega-6. The dietary intake of total omega-3 
fatty acids in the United Kingdom was estimated to be 250 mg per capita in 1992 which represents only 0.09% of 
dietary energy [I 31. Analysis of the diet of healthy 40 year old men in Edinburgh indicated that linoleic acid intake 
was low but still represented 3% of energy levels [21]. It is estimated that 95% of people would benefit from 
dietary supplementation with omega-3 fatty acids [18]. 

Echium oil offers high levels of both omega-6 (43.5%) and omega-3 (26.9%) fatty acids in a single oil of plant origin. 
It is rich in the metabolites of linoleic (11.5%) and alpha linolenic acid (12.8%) that are not affected by the rate 
limiting delta-6desaturase step. The activity of the delta+desaturase enzyme is known to be inhibited by a number 
of factors, including diabetes, stress, excess saturated fats, high alcohol intake, smoking and viral infections. This 
can lead to deficiencies in the levels of the various essential fatty acids [25]. 

Microbiological data 
Echium oil is an anhydrous system and therefore will not support microbiological growth. Processing conditions of 
manufacturing will act to filter out any microbial organisms. The absence of microbiological contamination has 
been confirmed by testing a sample of the oil (see Appendix 9). 
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Toxicological data 
Echium plantaaineum: 
Echium plantagineum and its products have not hitherto been used for human consumption to a significant 
degree. Human exposure to the plant is limited to its use in the manufacture of honey. Experimental and field 
evidence is available on the effects in animals of ingestion of Echium plantagineum. 

Echium plantagineum occurs over significant areas of farmland in Australia [6]. The young growth is eaten readily 
by livestock [6]. The plant is considered a weed in good pastures while on poor country it is considered a reserve 
fodder [5]. Measurements of herbage dry matter content, nitrogen content and digestibility of Echium 
plantagineum indicate that it would be nutritious forage for grazing animals [26]. However the presence of 
pyrrolizidine alkaloids in the plant means that there is a risk that grazing animals will be poisoned [6]. The level of 
pyrrolizidine alkaloids is normally between O.l-0.3% of the dry weight of the whole plant but levels as high as 
0.9% have been reported [27]. 

Field evidence strongly indicates that horses, pigs and to a lesser extent sheep are all affected [S]. Experimental 
evidence includes a study by the New South Wales Department of Agriculture in which young pigs were fed 15% 
Echium plantagineum in the diet [6]. All developed the typical chronic liver damage within 5 months and one 
animal died within 4 months [S]. 

Echium plantagineum was fed as the sole diet to crossbred sheep with or without a history of previous access to 
the plant in a pen feeding trial [28]. Compared to a control group receiving a diet of lucerne chaff and oats, sheep 
on the Echium diet lost weight and deaths occurred [28]. Histological examination produced evidence of 
excessive copper accumulation in the liver and biochemical evidence of liver toxicity and was usually 
accompanied by pyrrolizidine alkaloid damage [28]. It was concluded that Echium plantagineum alone was not 
suitable fodder for sheep [28]. 

There were no mortalities involving pyrrolizidine alkaloid poisoning in crossbred sheep grazing pasture for 19 
months where Echium plantagineum constituted a considerable portion of the available forage [29]. Histological 
evidence of moderately severe liver damage associated with high liver copper concentrations was found in at 
least one sheep [I 51. Sheep on the Echium plantagineum diet were significantly lighter and grew less wool as 
compared with sheep on Echium free pasture [29]. 

Young rats fed 40% Echium plantagineum for two weeks suffered 70% mortality within 5-l 3 weeks [30]. Young 
rats fed 20% Echium plantagineum for alternate two week periods with a control feed had 50% mortality in 21 
weeks [30]. Adult rats fed Echium plantagineum continuously all died within 7-16 weeks at the 40% level and 37- 
40 weeks at the 20% level [30]. The rats died with a mixture of acute and chronic liver damage [30]. Tumors, 3 
benign and one malignant, of a type observed in carcinogenesis experiments with other pyrrolizidine alkaloids 
developed in survivors of the study on adult rats fed 20% Echium plantagineum [6]. The number of tumors was 
below the significance level [6]. 

Honey bees collect nectar from Echium plantagineum flowers to produce honey [6]. It is estimated that honey 
from Echium plantagineum constitutes about 1 O-l 5% of total Australian production [S]. The honey is sold mainly 
as blends with other honey. Honey prepared from Echium plantagineum has been shown to contain between 0.27 
- 0.95ppm alkaloids [31]. In a report published by the International Program on Chemical Safety, it is estimated 
that individuals may consume up to 80 g honey/day with a corresponding alkaloid intake of 80 pg/day, if only the 
Echium honey were used. No reports of human toxicity through this source are available [32]. The possible 
intakes of pyrrolizidine alkaloids from this source are considered to be very low [6]. 

All the toxicological findings reported are consistent with pyrrolizidine alkaloid poisoning. Pyrrolizidine alkaloids 
are not lipophillic therefore they would not be expected to be present in refined Echium plantagineum oil. An 
analysis of the alkaloid content of the crude and refined oil and the Echium plantagineum meal has been carried 
out. The meal contained 0.12 mg/g total alkaloids. Refined oil demonstrated only 4 ppb (4 pg/kg of oil) content of 
the alkaloids as tested with the method with the detection limit of 4 pg/kg; it is a non-significant amount. German 
health authorities have recommended a daily intake of not more than 1 pg of unsaturated pyrrolizidine alkaloids 
per day from the registered products and 0.1 pg/day from unregistered products [33]. To consume 0.1 pg of 
pyrrolizidine alkaloids from Echium oil, one will have to consume at least 25 kg of oil per day. This amount is 
impossible to consume as it is 12 to 25 thousand times the recommended dose of 1 to 2 g per day. Hence, there 
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is no concern regarding toxicity due to pyrrolizidine alkaloids from consumption of Echium oil at the recommended 
dose as a dietary supplement of essential fatty acids, or even in cases of accidental overdose. 

Corn wnent fatty acids: 
The lipid profile for Echium oil is similar to that of Borage oil and Blackcurrant oil [Appendix lo]. Both borage oil and 
blackcurrant oil are widely used as ingredients of cosmetics, pharmaceuticals, foods and food supplements [34], 
[35]. The major fatty acids found in Echium oil are as follows: 

Palmitic acid is the most widely occurring saturated fatty acid and is present in most commercial oils [19]. It is 
found in large quantities in fish oils (IO-30%) and tropical fats such as coconut (6.9%) palm kernel (6.5-l 1%) and 
palm (32-59%) oils [18, 191. Echium oil contains on average 6.5% palmitic acid. 

Stearic acid is found in abundance in tallow (530%) cocoa butter (30-36%) and shea nut butter (44%) [I 8, 191. 
Echium oil contains on average 4.0% stearic acid. 

Oleic acid is the most widely occurring natural fatty acid and is found in practically all lipids [19]. It is found in large 
quantities in olive (43.7-83%) almond (6570%) and peanut (37.9%) oils [I 91. Oleic acid is also manufactured in 
the body [18, 191. Echium oil contains on average 15.2% oleic acid. 

Linoleic acid is found in safflower (75.3%), sunflower (68.5%), soybean (53%) and sesame (45%) oils [I 91. 
Echium oil contains on average 15.4% linoleic acid. 

Linolenic acid is the major fatty acid found in plant leaves, stems and roots and other photosynthetic organisms 
[19]. Flax seed is the richest source of ALA with over 50%, Chia and kukui (candlenut) contain about 30%, hemp 
seed around 20% [18]. Pumpkin seed oil may have up to 15%, canola up to 10% and walnut between 3-l 1% [I 91. 
Soybean oil normally contains 5-7% [I 91. Echium oil contains on average 30.7% ALA. 

The richest source of GLA is borage oil (22%) followed by black currant seed oil (15%) and evening primrose oil 
(9%) [I 81. Echium oil contains on average 11.5% GLA. 

Stearidonic acid is found in fish oils such as mackerel (2.47%), herring (1 *l-2.8%), sardine (2.9%) and menhaden 
(0.8-3.6%) [19]. The most well known plant source of stearidonic acid is black currant seed oil (3%) [18]. Echium 
oil is characterized by higher levels of alpha-linolenic and stearidonic acids than observed in other plant oils such as 
borage oil and blackcurrant seed oil. Echium oil contains on average 14.1% stearidonic acid. 

Omeaa-6 81 omeaa-3 fattv acids: 
Echium oil is considered to be substantially equivalent to existing oils and fats on the market which are rich in 
essential fatty acids. Essential fatty acids is a term used to describe fatty acids which are needed in order to 
manufacture body lipids, biological membranes and hormone like substances such as prostaglandins but which 
cannot be synthesized in the body and therefore must be obtained from the diet [36, 371. Only two fatty acids are 
truly essential, linoleic acid and a-inolenic acid, the remaining polyunsaturated fatty acids are derived from these by 
a sequence of desaturation and elongation steps. Linoleic acid is the precursor for the omega-6 series of fatty acids 
which are found primarily in plant oils whereas alpha-linolenic acid is the precursor for the omega-3 series of fatty 
acids which occur mainly in green leafy vegetables and oily fish [Appendix 1 l] [37’j. 

Both series of essential fatty acids are the starting materials for the manufacture of a group of complex hormone like 
compounds known collectively as eicosanoids which include the prostaglandins, leukotrienes, prostacyclins and 
thromboxanes. The eicosanoids have profound physiological activity even at extremely low concentrations. They are 
implicated in the functions of the nervous, cardiovascular and immune systems and can also affect the function of 
both the endocrine and exocrine glands. 

The correct balance between the various eicosanoids is required in order to maintain good health. The ratio of 
omegaX?omega-3 in the body is about 1 :I in the brain, 5:l in fat tissue and 4:l in other tissues [18]. The levels of 
the eicosanoids can vary during different stages in the development of the body, with age and during the menstrual 
cycle. In addition the activity of delta+-desaturase, an enzyme system involved in the metabolism of essential fatty 
acids, is known to be inhibited by a number of factors, including diabetes, stress, excess saturated fats, high alcohol 
intake, smoking and viral infections. This can lead to deficiencies in the levels of the various essential fatty acids 
[25]. The same enzymes are used to metabolize both the omega-3 and the omega-6 series of essential fatty acids 
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and it is believed that the metabolites of alpba-linolenic acid will compete for these enzymes with the metabolites of 
linoleic acid. 

A number of diseases exhibit deficiencies in the various essential fatty acids and this has led to research into the 
pharmacological effects of omega-6 and omega-3 fatty acids as outlined below: 

Cardiovascular disease: 
The benefits of long chain polyunsaturated fatty acids in the prevention of cardiovascular disease has long been 
recognized. Modest supplementation of the diet with fish oil has a dramatic effect in reducing coronary death and 
doses of as little as 150 mg of eicosapentaenoic acid per day inhibit platelet aggregation [I%]. Research into the 
effects of omega-3 fatty acids on the cardiovascular system indicates that these effects are small but cumulative 
resulting in a dramatic reduction in the risk of coronary heart disease, especially when used alongside standard 
therapy and lifestyle changes [38]. The combination of beneficial effects involved include, increased nitric oxide 
formation, a reduction in platelet-activating factor, thromboxane and fibrinogen levels, reduction of high blood 
pressure (both systolic and diastolic) and anti-arrhythmic effects [38]. Patients with glycogen storage disease type-l, 
taking fish oil supplements showed improvements in hypertriglyceridemia and hypercholesterolemia after three 
months [39]. Withdrawal of fish oil for a further three months resulted in a return to pretreatment abnormalities in 
plasma lipid and lipoprotein levels [39]. Omega-3 triglyceride treatment was associated with epistaxis in 8 out of 11 
patients and prolonged bleeding time was noted in 3 patients [40]. 

Triglycerides of essential fatty acids have been utilized in pharmaceutical compositions for oral and parenteral 
application in the treatment and prevention of diseases caused by platelet aggregation such as thrombotic 
inflammation and arterial sclerosis [41]. The UK Medicines Committee has licensed the use of certain fish oil 
preparations in patients at risk of ischemic heart disease and/or pancreatitis and for the treatment of 
hypertriglyceridemia. 

Gamma-linolenic acid and dihomo-gamma-linolenic acid also have a number of beneficial effects on the 
cardiovascular system including inhibition of platelet aggregation, reduction of blood pressure, vasodilation, lowering 
of cholesterol levels as well as inhibition of vessel wall smooth muscle and fibrous tissue proliferation [25]. There is 
evidence that low tissue and dietary linoleic acid content is associated with high incidence of coronary heart disease 
[21]. In patients with total cholesterol levels of >300 mg/decilitre the risk factor for atherosclerosis dropped from 6.34 
to 3.48 with a daily dose of 6 x 450 mg capsules of black currant seed oil for 12 weeks [42, 431. 

Osteoporosis: 
Both omega-3 and omega-6 essential fatty acids appear to work synergistically to increase calcium absorption from 
the gut, reduce its excretion in urine and promote its deposition in bone rather than kidneys and arterial walls [25]. 
The essential fatty acids may therefore prove useful in the treatment of osteoporosis [25]. 

Diabetes: 
Impairment of the metabolism of essential fatty acids in diabetic animals is believed to be responsible for a number 
of long term complications including damage to the eyes, nerves and kidneys [25]. 

There is conflicting evidence regarding the effects of omega-3 fatty acids in diabetic patients [44]. It is generally 
agreed that glucose control is not hampered in patients with insulin dependent diabetes [44]. Some studies have 
shown deterioration in glucose homeostasis for patients with non-insulin dependent (adult onset) diabetes [44]. 
However some of these studies had not corrected for the high energy content of the fish oil [44]. 

Gamma-linolenic acid is able to prevent diabetes induced reduction in nerve conduction velocity and reverse 
diabetic nerve damage in animals and humans [45, 461. The exact mechanism is not clear but it is proposed to act 
by altering nerve blood flow [25]. Studies in which gamma linolenic acid was provided in combination with 
eicosapentaenoic acid and docosahexaenoic acid produced slightly but not significantly better results [471. In 
combination with antioxidants (alpha lipoic acid), gamma linolenic acid was shown to act synergistically in prevention 
of a reduction in diabetic nerve conduction velocity deficit [46]. 

Kidney Disorders: 
Animal studies have indicated potential benefits for fish oil therapy in the treatment of kidney disorders [48]. Fish oils 
are reported to delay the onset of nephritis and reverse proteinuria, prevention of nephrotoxicity and reversal of 
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dyslipidemia from cyclosporine has also been demonstrated [Ref 461. Flax oil, a source of a-linolenic acid, has also 
been shown to prevent/treat nephritis. 

Asthma: 
In a double blind study in 12 asthmatic subjects a 23% increase in forced air volume was observed after 9 months 
of consuming 1 gram of eicosapentaenoic acid and docosahexaenoic acid per day [49]. In a study on 8,960 
current or former smokers there was an inverse relationship between omega-3 fatty acid intake and risk of 
obstructive pulmonary disease [49]. 

Rheumatoid Arthritis: 
Fish oil supplements containing essential fatty acids are reported to have beneficial effects on the symptoms of 
rheumatoid arthritis while offering few, if any, side effects at the levels used [25]. Modest clinical improvements 
usually emerge after 12 weeks of treatment and peak around 18 to 24 weeks [38]. The levels of eicosapentaenoic 
acid and docosahexaenoic acid required to produce a beneficial effect is around 90 mg/kg of bodyweight per day 
[49]. Stearidonic acid was as effective as eicosapentaenoic acid in inhibiting 5lipoxygenase when tested in vitro 
[50]. The use of stearidonic acid and oils rich in this acid such as black currant seed oil and certain fish oils in anti- 
inflammatory pharmaceuticals administered orally, rectally, enterally or parenterally is patented in the US [51]. 

Gamma-linolenic acid has also proved effective in treating human rheumatoid arthritis [25, 521. Both gamma- 
linolenic acid and dihomogamma-linolenic acid have demonstrated anti-inflammatory effects in animals and humans 
although these effects are subtly different from those demonstrated by eicosapentaenoic acid [25]. Acute and 
chronic inflammatory response in the rat was markedly reduced when fed with diets containing 15% borage seed oil 
(equivalent to 23% gamma-linolenic acid) [53]. Patients given six 500 mg capsules per day of black currant seed oil 
(equivalent to 525 mg of gamma linolenic acid) for six weeks reported modest clinical improvement compared to a 
control group taking sunflower seed oil [54]. In a double blind study on human patients of rheumatoid arthritis, GLA 
given as a free fatty acid in the dose of 2.8 g per day afforded significant improvement in the symptoms [55]. In 
another clinical trial, gamma linolenic acid given in the dose of 1.4 g per day as borage oil showed significant 
improvement in symptoms (joint tenderness, joint swelling, morning stiffness, grip strength, and ability to do daily 
activities) of arthritis over placebo [56]. 

Skin Disorders: 
Mild to moderate improvement in psoriatic lesions was reported in 8 out of 13 patients consuming 60 g of fish oil 
(equivalent to 10.8 g of eicosapentaenoic acid per day) [49]. Patients with atopic eczema given 10 g of fish oil daily 
for 12 weeks showed significant improvement with regard to scaling, itching and subjective assessment of overall 
severity in comparison with a control group receiving olive oil [21]. 

Polyunsaturated fatty acids have demonstrated a protective effect against damage to muscle by free-radicals. As 
free-radicals are implicated in skin damage and skin cancer the effects of fish oil supplements on skin exposed to 
UV has been investigated. Levels of 10 g/day of an omega-3 triglyceride containing 18% eicosapentaenoic acid and 
12% docosahexaenoic acid reduced the amount of sunburn which occurred in volunteers exposed to UV [57]. A 
reduction in the sensitivity to UV provocation of a papular response was also observed at this level in light sensitive 
patients suffering from moderate or severe polymorphic light eruption [58]. 

Treatment of atopic eczema with gamma-linolenic acid has shown modest beneficial effects [25]. An evening 
primrose oil formulation containing 8-9% gamma-linolenic acid and 71-74% linoleic acid has been approved by the 
UK Department of Health for the treatment of atopic eczema [21]. Studies using a mixture of 80% evening primrose 
oil and 20% fish oil have been reported to give better results than evening primrose alone in the treatment of 
atopic eczema [471. In a pilot double blind study infantile seborrheic dermatitis cleared up in all the children treated 
with a cream containing 40% borage oil [38]. Nine children out of the placebo group showed no improvement and 
the remaining six members of the placebo group showed slight improvement ascribed to the mild keratolytic effects 
of the cream base [38]. Six out of nine patients with biliary pruritus showed significant improvement in symptoms 
when given 8 x 500 mg capsules of an evening primrose oil preparation for 12 weeks [21]. Patents have been 
applied for covering the use of essential fatty acid derivatives in the treatment of skin disorders such as psoriasis 
WI. 

Anti-inflammatorv Prooetties: 
Echium oil contains stearidonic acid and gamma linolenic acid. Both of these fatty acids have been shown to exert 
anti-inflammatory activities [49-56, 601. Stearidonic acid has been shown to possess anti-inflammatory properties 
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[50, 51, 601. lshihara et al. (2002) recently compared the anti-inflammatory activity of stearidonic acid with other 
omega-3 fatty acids (a-linolenic acid and eicosapentaenoic acid). They observed similar depression of tumor 
necrosis factor a (TNF-a) in whole blood from mice compared to the mice fed controlled diet [60]. 

Cancer: 
Omega-3 essential fatty acids in vitro and in vivo are also reported to slow malignant cell proliferation, kill malignant 
cells and enhance susceptibility to conventional cytotoxic agents without harming normal cells [25]. The methyl ester 
of linolenic acid and the polyunsaturated fatty acids derived from it demonstrated anti-mutagenic activity on busulfan 
induced genotoxicity in Chinese hamsters [61]. 

There is abundant data demonstrating higher incidence of tumors of the mammary gland, intestine, skin and 
pancreas in animals fed high fat diets compared to animals fed low fat diets [16]. In experimental animal models of 
cancer diets high in omega-6 fatty acids produced the greatest incidence and size of tumors [49]. However in 
human populations the total fat content of the diet rather than the type of fat appears to have greater influence on 
incidence of cancer [16]. Inter-country studies indicate that levels of omega-6 fatty acids of around 4-8% of energy 
are not correlated with breast cancer [16]. 

Gamma-linolenic acid and dihomo-gamma-linolenic acid in vitro have been reported to kill 40 different human cancer 
cell lines within 5-7 days at concentrations which do not harm normal cells [25]. In addition, gamma-linolenic acid 
reduces the motility and invasiveness of cancer cells within hours [25]. The methyl ester of linoleic acid 
demonstrated anti-mutagenic activity on busulfan induced genotoxicity in Chinese hamsters [61]. Gamma linolenic 
acid in the form of evening primrose oil was found to inhibit the growth of R3230AC transplantable and of 
dimethyibenzanthracene induced mammary tumors in rats [471. 

Psychiatric Disorders & Neurooathies: 
Co-administration of arachidonic acid and docosahexaenoic acid in the form of free fatty acids or esters is patented 
for the treatment of the negative syndrome of schizophrenia by oral, enteral, parenteral, topical, rectal and vaginal 
routes [62]. A study in the USA indicated that approximately 40% of children suffering from Attention Deficit 
Hyperactivity Disorder (ADHD), which is characterized by behavioral, learning and health problems, exhibit low 
blood levels of omega-3 fatty acids [63]. 

Evening primrose oil has been reported to reduce hyperactivity in some children [21]. When given to children with 
mood disorders, 67% showed some improvement with evening primrose oil compared to a placebo of olive oil [21] 
In a placebo controlled trial patients with Alzheimer’s disease receiving evening primrose oil showed significant 
improvements in several tests of cerebral function [47]. In a double blind placebo controlled trial, schizophrenics 
receiving evening primrose oil showed moderately better Simpson scores for tardive dyskinesia and significantly 
improved psychosis scores [64]. 

Other areas of brain function in which the effects of omega-6 and omega-3 fatty acids have been investigated 
include alcoholism, depression, aggression, dyslexia, Huntingdon’s Chorea, memory loss and dementias [38, 65- 
88]. 

Premenstrual Svndrome & Endometriosis: 
A combination of 80% evening primrose oil and 20% fish oil was found to reduce the severity of symptoms in a 
significant number of women suffering from endometriosis [69]. 

Several studies have demonstrated that gamma linolenic acid in the form of evening primrose oil is better than 
placebo in the treatment of premenstrual syndrome and breast pain [471. Patents have been applied for covering the 
use of essential fatty acid derivatives in the treatment of premenstrual syndrome [70]. 

Multiple Sclerosis: 
Oils rich in essential fatty acids, such as evening primrose oil, have been investigated in the treatment of multiple 
sclerosis [71]. Multiple sclerosis patients taking safflower oil supplements for two years had less frequent and less 
severe relapses compared to a control group taking olive oil [Ref 171. Improved mitogenic response was noted in 
lymphocytes from multiple sclerosis patients receiving evening primrose oil supplements for 85 days [Ref 17’j. 
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Wound Healinn & Infection: 
Wound healing in infants fed for long periods with fat-free parenteral nutrition was found to be defective and could be 
corrected by introducing essential fatty acids into the diet [72]. The influence of total parenteral nutrition of 
blackcurrant seed oil compared to soy oil on the metabolic response of acute operatively stressed guinea-pigs to 
endotoxin has been investigated [73]. No beneficial effects were observed with gamma-linolenic acid at the levels 
used in this study [73]. Arachidonic acid significantly enhanced human neutrophil antiparasitic activity to 
Plasmodium falciparum asexual blood forms [74]. 

Fish oil has been shown to improve survival of Guinea-pigs exposed to endotoxin [19, 491. Substitution of half the 
safflower oil administered to burn patients with fish oil led to a reduction in wound infection and mortality and a 
shorter stay in the hospital [49]. Eicosapentaenoic acid and docosahexaenoic acid enhanced human neutrophil 
antiparasitic activity to Plasmodium falciparum asexual blood forms [74]. 

At the end of a 3 month trial 85% of myalgic encephalomyelitis (ME) patients receiving a combination of 80% 
evening primrose oil and 20% fish oil reported themselves better compared to 17% receiving a placebo [50]. AIDS 
patients taking a combination of evening primrose oil and fish oil showed significantly increased CD4 lymphocytes 
and on average gained weight and reported reduced fatigue and diarrhea [75]. 

Infant Development: 
Lipids in the fetus rise from 0.1% at 24 weeks to 35% at 28 weeks and 15-l 8% at term [12]. After birth, infants 
gain on average 9-10 g of fat per day and 40-50% of their energy requirement is supplied by fat [12]. Human milk 
contains substantial quantities of essential fatty acid metabolites and therefore their role in infant development has 
been investigated [25]. 

Bottle fed premature and full-term infants demonstrated increased visual acuity when their diet was supplemented 
with eicosapentaenoic acid and docosahexaenoic acid [25]. In an 8 year follow-up study, breast-fed premature 
babies demonstrate higher IQ than formula-fed infants and this was believed to be due to docosahexaenoic acid 
which is present in breast milk but not in infant formula [16]. This theory is supported by animal studies in which 
docosahexaenoic acid levels in the brain correlated directly with performance in learning and intelligence tests. 

Supplementation with a marine oil having an eicosapentaenoic acid: docosahexaenoic acid ratio of 2:l was found to 
compromise arachidonic acid levels which adversely affected growth [I 61. Arachidonic acid appears to play an 
important role in fetal growth since the levels of this acid correlate with head circumference [25]. However, 
supplementation with a marine oil low in eicosapentaenoic acid did not compromise weight gain and raised Bayley 
mental development scores at 12 months [16]. 

A supplement based on four parts tuna oil and one part evening primrose oil added to infant formula improved 
neurological visual evoked responses in preterm and term babies [76]. 

Guidelines offered by FAONVHO for formula for preterm babies is 700 mg linoleic acid, 50 mg a-linolenic acid, 60 
mg arachidonic acid and 40 mg of docosahexaenoic acid per kilogram bodyweight [16]. This is equivalent to 5.6% 
of energy as parent essential fatty acids and 0.8% as long chain polyunsaturated fatty acids [16]. In addition 
linoleic acid should not exceed 10% of total energy [I 61. 

Total parenteral nutrition in the premature infant usually includes 2-4 g of soybean emulsion per kilogram 
bodyweight per day [21]. The soybean oil emulsion most commonly used for parenteral nutrition contains around 
50% linoleic acid (omega-6) and 9% alpha-linolenic acid (omega-3) [21]. 

For full term infants the corresponding FAONVHO recommended values per kilogram bodyweight are 600 mg of 
linoleic acid, 50 mg of alpha-linolenic acid, 40 mg of arachidonic acid and 20 mg of docosahexaenoic acid [16]. 
The guidelines recommend that the essential fatty acid composition of infant formulae and foods for infants up to 
the age of two should be similar to breast milk [16]. The critical role of both omega-6 and omega-3 fatty acids is 
recognized [I 61. The ratio of linoleic to alpha-linolenic acid is recommended to be between 5:l and IO:1 [I 61. 

The FAOWHO joint expert consultation recommend that the maternal diet should provide an additional 3-5 g per 
day of essential fatty acids during lactation [16]. 
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Reproductive Effects: 
High levels of omega-3 fatty acids in fish oil have been reported to prolong gestation and impair parturition in rats 
[48]. However omega-3 fatty acid supplements of 200 mg (omega3:omega-6 = 0.8) did not alter any of the indices 
of gestational performance [17’j. Omega-3 fatty acid supplements of 480 mg (omega3:omega6 = 2.8) did not 
significantly alter length of gestation although dam bodyweight and average pup weight was decreased [17’j. There 
is evidence that high fish intakes are associated with longer gestation, higher birth weight and reduced incidence of 
premature birth [16]. 

Gastrointestinal Disturbances: 
Significant clinical improvement was noted in patients with ulcerative colitis, an inflammatory bowel disease, 
receiving fish oil supplements for 12 weeks [49]. Administration of fish oil is reported to protect against damage to 
the gastro-duodenal mucosa caused by aspirin [771. 

Slight side effects of nausea and eructation have been reported with high doses of the triglycerides of omega-3 fatty 
acids [40]. Other reports of adverse effects include loose motions and unabsorbed oil in stools with a purified ethyl 
ester of eicosapentaenoic acid [40]. 

Acute studies with linoleic acid have shown a protective effect on the gastric mucosa against challenge with ethanol 
but not aspirin [40]. Investigations carried out in animals have demonstrated a protective effect for gamma linolenic 
acid in gastric ulceration 1471. In a three way trial evening primrose oil performed better than fish oil and both 
performed better than a placebo in the treatment of ulcerative colitis [471. 

Occasional mild gastrointestinal upsets such as eructation and loose bowel motions have been reported in clinical 
trials involving evening primrose oil rich in omega-6 fatty acids [40]. 

Alleraic Reactions: 
A 68 year old woman taking omega-3 triglycerides developed fever, myalgia, sore throat and tender 
lymphadenopathy lasting 3 weeks; symptoms recurred 48 hours after restarting treatment [40]. 

Mortalitv: 
The effects of dietary polyunsaturated fatty acids on mortality have been investigated in the Multiple Risk Factor 
Intervention Trial (MRFIT) 1781. The Multiple Risk Factor Intervention Trial was a randomised clinical trial in coronary 
heart disease primary prevention involving 12,866 middle-aged men determined to be at high risk [78]. Subjects 
were assigned to either a Special Intervention (SI) or Usual Care (UC) group [78]. Only data on the UC group (6,250 
subjects) were analysed [78]. PUFA intakes were determined by dietary recall interviews at baseline and follow up 
years 1, 2 and 3 [78]. The study has been ongoing since 1979 and the following analysis is based on deaths up to 
1985 representing up to 7.7 years of follow up [78]. Four mortality outcome groups were established: 1) coronary 
heart disease (CHD), 2) cardiovascular disease (CVD), 3) cancer (CA); and 4) all causes (AC) which represented 75 
other causes of mortality in addition to CHD CVD and CA. The data was evaluated by proportional hazards 
regression and quintile analysis controlling for age, race, baseline diastolic blood pressure, high and low density 
lipoprotein cholesterol levels, smoking and alcohol [78]. 

There were no significant changes in mortality associated with linoleic acid (C18:2n-6) for any mortality group [78]. A 
significant inverse relationship was noted with Cl 8:3n-3 and CHD, CVD and AC mortality when expressed as 
percentage of total kilocalories and for AC mortality when expressed in g [78]. Results for the combined fatty acids 
normally found in fish oil showed significant inverse associations with CHD, CVD and AC mortality expressed in 
percentage of total kilocalories and with CHD and CVD when expressed in g [78]. A significant inverse relationship 
was observed with CA mortality and 18:3n-3:18:2n-6 ratios or total n-3:n-6 ratios [78]. 

Conclusion 
Dietary fat is essential for health. An optimum dose as recommended by the Institute of Medicine for linoleic acid 
is 17 g per day for men and 12 g per day for women for alpha-linolenic acid of 1.6 g per day for men and 1.2 g per 
day for women [20]. Echium oil offers high levels of both omega-3 (43.5%) and omega-6 (26.9%) fatty acids in a 
single oil of plant origin. It is rich in the metabolites of linoleic (11.5%) and alpha linolenic acid (12.8%) that are not 
affected by the rate limiting delta6desaturase step. The activity of the delta6desaturase enzyme is known to be 
inhibited by a number of factors, including diabetes, stress, excess saturated fats, high alcohol intake, smoking and 
viral infections. This can lead to deficiencies in the levels of the various essential fatty acids [25]. 
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Echium oil is intended to be sold as a dietary supplement for adults and children over 12 years of age either in the 
form of an oral liquid, emulsion or capsules. The likely level of consumption will be between 500 to 2000 mg per 
day. 

Echium plantagineum and its products have not hitherto been used for human consumption to a significant 
degree. Human exposure to the plant is limited to its use in the manufacture of honey. Experimental and field 
evidence is available on the effects in animals of ingestion of Echium plantagineum foliage. All the toxicological 
findings reported are consistent with pyrrolizidine alkaloid poisoning. The refined oil (item of commerce) contains 
only 4 parts per billion of pyrrolizidine alkaloids. At this level, no toxicity is expected. 

Triglycerides are consumed every day in any normal mixed diet. Triglycerides of fatty acids derived from edible 
sources are considered to have no acute toxic effects at practicable dosage levels. Coronary heart disease, 
stroke and certain cancers (breast, colon, prostate and skin cancers) have been linked to high fat diets. However 
the evidence indicates that it is the saturated fat content which is the major factor in increasing risk of 
cardiovascular disease. For cancer, the total fat content of the diet rather than the type of fat appears to have 
more influence. 

The major fatty acids found in Echium oil are palmitic, stearic, oleic, linoleic, alpha linolenic, gamma linolenic and 
stearidonic acids. All these fatty acids are normal components of the human diet. The lipid profile for Echium oil is 
similar to that of borage oil and blackcurrant oil which are rich in omega-6 fatty acids. Both borage oil and 
blackcurrant oil are widely used as ingredients of cosmetics, pharmaceuticals and food supplements. However, 
Echium oil is characterized by higher levels of omega-3 fatty acids than observed in these oils. 

Echium oil is expected to possess physiological properties similar to those of fish oils which are rich in omega-3 fatty 
acids and plant oils rich in omega-6 fatty acids. A number of diseases exhibit deficiencies in essential fatty acids and 
this has led to research into the effects of omega-6 and omega-3 fatty acids. Omega-3 and omega-6 fatty acids have 
demonstrated prophylactic effects in cardiovascular disease, diabetes, kidney disorders, asthma, rheumatoid 
arthritis, eczema, psoriasis, psychiatric disorders and neuropathies, multiple sclerosis, premenstrual syndrome, 
endometriosis, ulcerative colitis, wound healing and infection. The critical role of both omega-6 and omega-3 fatty 
acids in infant development is recognized. The UK Medicines Committee has licensed the use of certain fish oil 
preparations in patients at risk of ischemic heart disease and/or pancreatitis and for the treatment of 
hypertriglyceridemia. Echium oil has been shown to possess anti-inflammatory properties. 

High levels of omega-3 fatty acids in fish oil have been reported to prolong gestation and impair parturition in rats. 
There is evidence that high fish intakes are associated with longer gestation, higher birth weight and reduced 
incidence of premature birth. However omega-3 fatty acid supplements of 200 mg did not alter any of the indices of 
gestational performance. Omega-3 fatty acid supplements of 480 mg did not significantly alter length of gestation 
although dam bodyweight and average pup weight was decreased. Slight side effects of nausea and eructation have 
been reported with high doses of the triglycerides of omega-3 fatty acids. Occasional mild gastrointestinal upsets 
such as eructation and loose bowel motions have been reported in clinical trials involving evening primrose oil rich in 
omega-6 fatty acids. As noted under “Allergic Reactions”, page 15 of this application, a 68 year old woman taking 
omega-3 triglycerides developed fever, myalgia, sore throat and tender lymphadenopathy lasting 3 weeks, with 
symptoms recurring 48 hours after restarting treatment. There have been no other reports of allergic reactions to 
omega-3 triglycerides. 

5) The signature of the person designated by the manufacturer or distributor of the dietary supplement that 
contains a new dietary ingredient. 

Signature: 

Rakesh Kapoor, Ph.D. 
Product Development Manager, Bioriginal Food & Science Corp 
102 Melville Street, Saskatoon, SK, S7J ORI, Canada 
Ph. 306 975 9265, Fax 306 242 3829 
Email rkapoor@bioriginal.com 
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Appendix 1 - Fatty acid profile of Echium seed oil 

Table 1: Fatty acid profile of Echium seed oil extracted and refmed in the laboratory 

) Fatty Acid I COIltel It in oil (Area % of total fatty acids) 
Lot number 

EO-010803-CF EO-010803-N EO-010803-RB Seed oil (extracted 
Unrefined Refmed Lab Refined in lab) 

C16:O Palmitic 6.76 6.61 6.58 6.91 
Cl 6: 1 n7 Palmitoleic 1 0.12 1 0.11 1 0.11 1 0.12 I 
Cl 8:O stearic 3.82 3.59 3.61 3.72 
Cl 8: 1 Oleic 15.59 15.24 15.28 15.91 
C 18:2 Linoleic 15.30 14.91 14.91 14.68 
C 18:3n6 y-Linolenic 1 11.12 1 11.15 1 11.11 I 12.11 
Cl 8:3n3 a-Linolcnic 1 32.30 1 32.59 1 32.51 1 30.81 
C 18:4 Stearidonic 13.24 14.03 14.08 14.00 
C2O:O Arachidic 0.11 0.09 0.10 0.12 
C20: 1 n9 Eicosenoic 0.73 0.81 0.75 0.76 
C22:O Behenic 0.05 0.05 0.06 0.05 
C22: 1 n9 Erucic 0.13 0.14 0.15 0.14 
C24: 1 Tetracosaenoic 0.14 0.13 0.14 0.13 

Table 2: Fatty acid profile of Echium seed oil extracted and refmed at full production scale. 
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Appendix 2: Test method for analysis of Fatty acid profile 

1 determination of FdG;“kids in Edible O ils 1 
and Fats by dapillary GLC 

I DEFINITION 
This methUd 1s for the determination of fatty acid methyl c,tcr.r by capillary gwliqUid chromatogmphy. I 
SCOPE 

, 

This method Ii ~pphubk IO the detcrnlinaticn 01 [arty acid methyl estera obwlncd from vegctsblc 
oils and fau according IO AOCS Ot’ick)l h+ethoa CC 2-f& lUPAC Method 2.30 I. AOnC 969 33 or 

other ucccpted standard method 

APPARATus 
The inJrrUctiona given apply CO nnm%l equipment Used for 
gas-liqurd chromutognphy employing capillary columns 
and flame-ionization detection 

I. Gas-liquid chromatogmph. 
2. lnjcction system. 

Nrw-The injeclioo sysrern ahotdd bc specially 
designed for Use with cnpibary columns. It should be 
of the split type or on-column (SW Notes. 1). 

3. oven. 
Nor-The oven should be capahlc or heatlnR the 

column to DC (exit 326°C and of maintaining the 
derived smperatwe m within 0. I “C (.aee Noti. 2). 

4. ~Utpi~fary column. with following rpecificattons-fused 
~ilh or &w: knCUl2S-40 III with 0.20435 mm i.d. 

5. Stationery phase-moderate polarity. mainly of the 
type: p01Yglycol (polyethylene glycul 20.060). ply. 
ester (buwnedio( pUlYsUccinate) or polar polysiloaanc 
(cyrnosiltcnne*). e.g.. Carhowur. Durahond 225. 
FFAP. Siler S CP Of %lpkOWnX. The coaling should 
be 6.2-6.25 pm in thickness. 

6. Assembly and condidoning of dlc column: 
(4 

(b) 

Observe the normat pmcautrons for avsembling 
capilkuy columns-anansemem of the column in 
the oven (support). choiec end assembly of joinm 
(leak tightness). positioning of lhe ends of the 
column in the injccror and the dctcctor (redttctiun of 
dend spa!!). FlzlCC rht Cdufllil under u cunier gas 
flow (kg.. 0,3 bar fuf II 2h CO~IIWI of 0.3 mm i.d). 
Condition the Wlutntl by mmpemtun pfogmmming 
the oven at 3”Umin from ambient temprrtwe to a 
IqlcnNn Iu’C ~IOW Ihe dccompositian limir of 
the stationary phuse. Maintuin at this tempemture 
for l hr or until the baseline stabilixs. Return to 
18OoC to work under isothermal conditions. 

7. SYrin~-max(mum Capacity of IO UL prxhratrd in 0.1 
PL. 

8. Any suitable recorder. inrek!or or data prowsor WY 
be used. 

REAGENTS 
I, Cart-iu ga.s-either helium or hydrr+cn isee Sotcs- 3). 
2. c\uxili;uy gas-hydmgen 99.9% mm, free from or:anic 

impuritirx nlr or oxygen. 

3. Rcfcrcnce standardr-a mixture of mothyl ecter, ot 
fatty acids (see Notes. 4). 

PROCEDURE 
,Selec :icm of Oprimum Operruthg Gmdirions 
See IUPAC iMethod 2.364. capillary column @c-liquid 
chromxography of falty acid methyl csws. section 5.1. I. 

The determination of efficiency and resolution es car. 
ried out for packed columns (Ce I-62) is no longer ne.~as. 
wry. ah commercially available capillury columns UsUat(y 
exhibit excellent ~C~~OKIXUICC. Insleud. e system suitebility 
USC on be carried out by analyzing a cmifmd reforencc 
mat&l. In dning so. the oper;uing conditions. the efficten- 
cy dnd resolurion of the column can be checked at the $atot: 
time 

Reference standards of known futt~ acid composaion (con- 
taining, ~.g..Cl6:0, CI8:O. Cl&l. Cl8:2. Cl&3 and C2O:tl 
methyl cs~ers) or ccnilicd reference material (e.g., CRM 
162) arc used to cheek the perfurmance of the system 
[Notes, 4). If the quanCiIativC rcwlts obteincd correapond tU 
rhe theoretical vahur or the Certified valuer. da aystcm can 
be regarded as ruitablc. 

I. Use the syringe (Apparatus. 7) IO tukt 0. l-l pL of the 
solution of I to S% of muhyl esters pnapursd according 
tn AOCS Official Method Cc 2-66. IUPAC Method 
2.30 I or AOAC 969.33 (see Now. I). 

2. Operate the oven isothermally a~ a tcmperaturc of 
l80-2 I (PC Ur opewe by linea: heating from 8&220X 
(act Nolcc. 5). 

3 set injector und detector tempcrerure~ 30-XX nbove 
the column temperalure (see Notes. 7). 

CALCULATION AND EXPREWON OF RESULTS 
Wtv@carion of Pe0k.r 
Anatyu: a reference standard misrurc of known composi- 
tlon under the same opcrztin: conditions as those employed 
for tha rampIes and dctenninc 612 retennon times (Notes, 
4). ldcnr]fy thu peaks from the sample using the retention 
tllnes of the mferencc standards. 
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in Tables I and 3 tl~efcrenccs. 2). See also-rabtes 7 3v.t 
and 2.304. I (References, I ). (a~ Apurt from exceptionid ccscs. assume tht UII of the 

components of the sample are represmtcd on the chro- 
matogmm. w that the lur4l of crru~ under the peak< 
npretCnCS tm% Of IbC constirucnts Iexcluding the so]- 
vcm peak). 

Ch) For samples in which signtflcant umuun(~ of cornno- 
ntnu IXIOW Cl2 SW ub.sent. ~h~lt~te the content of p 
particular constilucnt (expressed us percent of methvl 
esrer) by determining the prchntuge represented by tie 
area or the corresponding peak relative ~1 the cum of 
the arev of rll the pwlu. 

Area precenr of the component I exprrxsed r~? rntthyi CStrr = 

4 

Whet e- 
~y’w 

&i, = sum of rhe rn=zu under all the pcultl; 

In the presence of sigoificant nmounts of componcntq 
below CI2. the areas obtained from the tus cbro- 
ITUKXJWII IIW~: to be mubiplii with carcnion fnctorg in 
order to convert nma pncenWgcn into mass percenog~ 

Comt Ihc ~lta of eJch pk v) COII~~~~~IC for the 
tlnme ionizutiou detector (RID) rwpOnne for encb con,- 
pwmt The flD corm&n facron; me catculatwl from 
rhc molecub weight oftbe FAMES follows: 

FID, I --. MWJ 

WIWC- 
(% - I ) (AWCWQ,) 

FlD.,= the MD factor furcomponontr 
MW, = moleculilr weight of component r 

nx = the number of curbon nmrns in the FAME of 
C~fIem x 

AWc = dm atomic weight nfcwbon I12.01) 
FlD,eu= tbeFID curve&on factor for l6:Ot 1.407) 

All other FID correction factors used in the cnlculadon 
are relative to RD,,,,. For example. the correction f;rc- 
[or for IO:O becomes 1.10. FID corrnction fnctom ;ye 
listed in Tublc 3. 

Cnkulare Is frelutive) pnrcentnge x of each corn- 
portent by demrmining the cornered area of the CO~JX+ 
spondisg peak rcbttive to the SUnI of the corrected 
al-#& of all Ibe Jx?aks, as follows: 

A 
x23--? 

where- A, 

A, I he COUCCC~ UIW of the peali corrchponding 
IQ cmnpoaent .r 

A, = .wm of the corroctcd areus under ull the 
peeks, cxcludiog the solvent peak 

PRECISION 
~h6 nsulu of intcrluboratory rrudicr. organiacd at the 
in~mational bel, ~UVC the ~tati;ri,sticrtl PZSUIL~ kv&~ared in 
nccordnnce with International Drgunization for 
,~&&jjrion (ISO) 572%19861 which arc summuriaed 

rable 3 
Lb1 of HO msponse factors. 

i &lE M W  n-l 
-..- 

FID fuctor Comction Laof 

49 ltx2.13 4 2.126 1.S1- 
b:fl 13O.IY 
8:O 158.24 : 

I.807 I .2s 
I.647 1.17 

90 172.27 9 1394 I.13 
0:fl 186.30 IO I.551 I.10 
I.0 200.32 II I.516 I .08 
2:o 214.35 I3 1.487 I.06 
30 228.37 If I.463 I.04 
4.0 242.40 14 I .442 I .m 
5:u 156.42 IS I.423 I.01 
6.0 270.46 I6 I .407 1.w 
iii 284.49 I7 I.393 0.99 

290X 19 I .37tJ a.97 
Y1) 3 12s2 19 I .370 0.97 
Ml 326.97 20 I .36u 0.97 
I:0 .340.57 31 1.3.50 0.96 
‘9 354.62 22 
iI0 361.62 23 

I ..342 0.95 
I 324 0.9s 

d:u 332 hIl 24 I .3x 094 ,.- --_ --.-- 
Rrferanca. 

Rept8itahility-When Ihe menn of the values obained 
horn two s:n$le dctcrminxions. carried ou: in rapid ruCCeS. 
ston by the hame operator using the same ~ppumtus under 
the sumc condiriom for the anclysts of the same test -ram+. 
lies within rhe range of the mcim valum cited in Tubla l end 
2. rhc difference between the LWO values obtained should not 
be greater than the repeaubility value (r) for ihe level of h;ty 
4cida comparable to those cited in T&Its I and 2. 

Repmducihil i ty-When de values for the fimtl msult, 
obtamed by operators in diffemnr Iaboncoric~ using di@er- 
em appanrus under diffennt conditions from the analysis of 
rbc <ame l&oratory sample. lie within the range of menn 
values cited in Tables I end 2. the difference between the 
vulues for ma final nesulr ohwined by those operators should 
not be greutcr than rhe reproducibility (RI for the kvel of 
fatty nci& comparable to those cited in Tables I tmd 2. 

NOTES 
1, On-column injection is preferred because ir gcner~lly 

giver fess discrimination with oil-columo injection 
mode Dilute the solution to 0.05% before inioccion. An 
automatic injection aystcm is recommcndedbecauae it 
improves the precision of rcsuIls. If a split injecror is 

used. adjust tk split ratio to approximately I: H.30. 
2. Apparatus equipped with u tempomorn prognmmer is 

mcommcnded. 
3. Ehhcr helium or nitrogen may be suitnbk as a crnrior 

pus. but these mny hlcmase helium elution times with 
rcspecr to hydrogen. Hydrogen. which is used only with 
capillary columns. can double Ihe speed of nnutysia. hoc 
it is hxuudous. Safety dcvicex UIZ availabk and sho6ld 
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4. Scandarduds ol’ most known fatty acids are wailuble from 
wppliers such as: Nu-Check-Prep. Inc.. p. 0. Box I 72. 
Elysian. MN. USA: Bast of Copenhagen V. Danmarl;: 
Lanodoo Fine Chemicals AR. Limhumnyarden ulle 9. 
S21616. Malmd. Sweden: Si@nu Chemical Co.. p.0, 
Box IQOB. St. Louis. M O  63 178. USA. Otherwise oil< 
wirh specific fatty acidz sftould be used as wndnrds. 
SUC~I as blackcurnnt set oil conrahhg CtS:3 tt1.6) (‘I- 
littoleic acid)’ and Cl&4 (n-31 (stearidonic acid)*+. 

l sysremmic m-e 6.9. I2-actadecatricnoic acid. 
** systematic name. 6,9,12.15-ocradccutrienoic 

acid. Alremarivcly. c&lied refereucc material 
(e.g.. CRM 1621 from BCR. Join8 Research 
Center, institute for Rcfenncc: Materials and 
MeJsurcment. Rdiastwag. E-2460. Belgium, 
czn bc used. 

ii. Operaring rhe oven by linear hsatin8 increases the 
speed of fatty acid elurion but doos not improve or 
mcluce the ma~luti~n Of the 8% chmmatognms. A suit- 
able hcuting program is-- 
(2) Slart P an oven tcmperatun of 80°C; hold for 2 

min. 

(bl Heat up L it rik of 2OTlmin uottl 125°C: hold sl 
l25T ror I min. 

cc) Continue fo tntrettsc temperature at il rpte of 
3’C/min until 320°C. 

(0) Hold nt 22OT for at kast 5 min uncll ull hrgh 
wrbon number htry ucid methyl esrcn Y= &led 

F, In we nbbrcvivlcd symbols ClB:Z und Cl8.3. ~18 
wtds for the number of carbon atorw (18~ whereas :2 
and :3 indicate the number of doubk bonds in the fatty 
dCid chain. e.g.. :O mean5 utur~ted fatty xi& 

7. Fnr on-column injecrion. set the injector rind oven 
spproximatcly IO’C beneath the boiling point of the 
solvent and sran with heatin8 I minute a&r injection 
(boiling point 60°C for hesaw). 

REFERENCES 
I, IUPAC. Srctndurd MeQwd.r .fr,r Anul,wi.> 04 Oils. Fuirn 

md 0rrfw1he.x Blackwall Scientific Publications. 7111 
afn. (1987): IUPAC Methods 2.303 and 2.304. 

2. The R& of Edible Oils a4 f’nrs in Hwwrt Nun-i[ir,rr. 
WHO/FAO. Rome ( 1977). 

3. Pure A/@. Chem. 6?:795 (IYYO). 

Page 24 of 49 



Appendix 3: Analysis of non-triglyceride components (unsaponifiables) 

To: Bioriginal Food & Science Corp. 
102 Melville Street 
Saskatoon, SK 
S7J OR1 
Jeanette Fusick 

Project No: 03-905 
Report Date: 21/l l/03 

Lab Croup ID: 111303 163542 
Lab Number: AA0 1394 

ANALYTICAL REPORT 

Sample Description: Echium Oil Lot #EO-010803-N 

PO#: 177145 

Analvsis Results: 

Analyte 

Unsaponifiable Matter 
Monoglycerides 
Diglycerides 
Triglycerides 
Campesterol 
Stigma&r01 
B-sitosterol 
others 
Protein 
alpha tocopherol 
gamma tocopherol 
delta tocopherol 

0.91 % 
co.005 % 
2.10 % 
97.9 % 
143 mg/lOOg 
5.0 mg/lOOg 
114 mg/lOOg 
305 mg/lOOg 
0 % 
4.8 mg/lOOg 
63.0 mg/lOOg 
8.4 mg/lOOg 

Units 

Laurie Forseille 
Analytical Services Coordinator 

Nx 6.25 
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Appendix 4a: Test method for analysis of Unsaponifiable matter 
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ma following cel&nAp: lmL~fO.OtNNdlHir 
d2quhhm0.OU%~oiatoicadtiThcgr6msdfupc 
ZUiddCWlliibyttdStitTdiCbflbCCOIOD~B”illtbs 
calculations. A nagem blank comxrion sbotdd be 
d6tombd. 

9. Coaoct for any reagent blank by cocducting the 
msponibtbh,~ploadmewithQutallyfi ltaoB 
preoeot. The blank dcta-minod by dds proccdcrs 
bu!omfsThldwcalcal6lituls. 

c41cuLATIoNs 
1. U~kmrtrac%= A-IB+C) 

-0fsprrrpk.g 
xl00 

wb- 
A=llUS6QflE6idU&g 
B =miwoffattyatSd.g 
c=m666ofblakp 

withwatocTakeptcatb6m~dwEIllctic~~ 
in the ov6qt that the mixing contaiuor bteek6 from he 
-b-generated 

Jx&ylemerl6~thnmuhhmldisa6ev6m~ 
andexplosianbaaatdwkaexpo66dmbcaroffIamaIti6a 
~td~ryrttm~bYillbhhand6hirr 
abxKptlQILbwlRfoun~Q6ive~llpmrparta 
mligbt.lIaDdkemptyconmineIs.p6Ilial6rlymo6cfQJm 
wbkh ethk bas ovaporxtad, with cxtro~ caution. 
Bapb6ivelimitshlairatc1.&5-48%.~R,vis4wppm 
inakAAhoodsbo&kwcdataUrimu~usiog 
dierbyl- 

AcefmeishigMy- 1tmayiblnlexpbXlvo 
peuoxider With oxidizing 6guN6. u60 Cffe~tbc bo- 
removal&vico.Dcnocmixwitbcblomfono. 

NUMBERED NOTES 
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